WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
A61B 17/22 



Al 



(11) International Publication Number: WO 98/48711 

(43) International Publication Date: 5 November 1998 (05.11.98) 



(21) International Application Number: PCT/US98/08933 

(22) International Filing Date: 1 May 1998 (01.05.98) 



(30) Priority Data: 

60/045,268 



1 May 1997 (01.05.97) 



US 



(71) Applicant: EKOS CORPORATION [US/US]; Suite 148, 

22122 20th Avenue, S.E., Bothell, WA 98021 (US). 

(72) Inventors: TACHIBANA, Katsuro; 6-18, Kusagae 1-chome, 

Chuo-ku, Fukuoka-shi, Fukuoka 810 (JP). HANSMANN, 
Douglas, R.; 5008 Rockaway Beach Road, N.E., Barnbridge 
Island, WA 98110 (US). ANDERSON, Jim; 9200 Wood- 
inville-Redmond Road, NE#D 431, Redmond, WA 98052 
(US). 

(74) Agent: DAVIS, Paul; Wilson Sonsini Goodrich & Rosati, 650 
Page Mill Road, Palo Alto, CA 94304-1050 (US). 



(81) Designated States: JP, European patent (AT, BE, CH, CY, DE, 
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). 



Published 

With international search report. 
With amended claims. 



(54) Title: ULTRASOUND CATHETER 




(57) Abstract 

A catheter for use in a vessel of a body is disclosed. The catheter includes an elongated body and a plurality of ultrasound elements 
coupled to the elongated body. Each of the plurality of ultrasound elements is separated from an adjacent ultrasound element. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/48711 



PCT/US98/08933 



10 



15 



ULTRASOUND CATHETER 

Relationship to Copending Applications 

This application is a continuation-in-part of Provisional U.S. Application 
Serial No.: 60/045,268; Filed: May 1, 1997 entitled Side Delivery Catheter. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an ultrasound enhanced drug delivery 
catheter, and more particularly, to an ultrasound enhanced drug delivery catheter 
with a plurality of ultrasound elements. 



Description of Related Art 

Thrombus formation is a protective and healing mechanism, however, 
formation of thrombi can be detrimental. For instance, if a blood vessel 
becomes blocked, distal tissue may be deprived of oxygen with resulting 

20 damage or necrosis. In the case of cerebral circulation, an arterial thrombus 

blockage is one cause of cerebral strokes. In the case of coronary thrombosis, 
blockage and subsequent distal tissue necrosis of cardiac muscle tissue will 
impair cardiac pump output, may cause electrical abnormalities, and potentially 
catastrophic heart failure and death. The thrombus can form at the site of artery 

25 narrowing due to arterial wall damage or disease, or the thrombus may have 

broken free from some proximal site only to become wedged in a distal stenosis. 
Thrombus can also form subsequent to attempts to remove a stenosis using 
balloon angioplasty or rotary atherectomy. 

Ultrasound catheters have been described specifically for removal or 

30 dissolution of thrombus (U.S. Patents: Tachibana 5,197,946; Bernstein 

5,163,421; Weng 5,269,297). The catheters of Bernstein and Weng place an 
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ultrasound generator external to the body and transmit acoustic energy through a 
metal wire wave-guide to the distal catheter. The catheter of Tachibana includes 
a small ultrasound element positioned at the distal end of the catheter that is 
energized by electrical wires. In either case, ultrasound energy is delivered to 
5 and radiated from the distal tip of the catheter in the vicinity of a blocking 

thrombus. The application of ultrasound can directly emulsify nearby thrombus 
through the motion of the catheter tip and associated cavitation. 

The application of ultrasound can also enhance delivery of drug into a 
vessel wall. There are instances where the vessel wall is diseased or has been 

10 injured such as balloon angioplasty or rotary atherectomy. Narrowing of the 

vessel can occur in response to these injuries. Certain drugs, such as heparin, 
may inhibit this narrowing of the blood vessel if the drug can be delivered into 
the blood vessel wall. A catheter can be used to deliver drugs into any portion 
of the body or target organ. Ultrasound energy in the presence of these drugs 

15 can enhance the delivery through and across bodily fluids and tissue. Hence, an 

ultrasound drug delivery catheter placed in a blood vessel will assist delivery 
across the blood vessel wall, whether it be an artery or a vein, into the 
surrounding muscle or tissue. 

The intensity of the ultrasound delivered from an ultrasound element 

20 decreases exponentially with radial distance from the catheter tip. Hence, 

treatment of thrombi is limited to a few millimeters of the catheter tip of a 
catheter with an ultrasound element. This small treatment area may be effective 
for small volume clots, however, larger clots must be treated one section at a 
time. 

25 Some thrombi can be large. For instance, a deep vein thrombus in a 

patient's lower leg and can have a length from several centimeters to as much as 
12 to 20 inches long. Early treatment protocols for these long thrombi used a 
drug infusion catheter to drip lytic drug at one end of a thrombus. As the 
thrombus was dissolved, the catheter would be advanced. This process was 

30 repeated until the entire clot was dissolved. More current therapy for a deep 
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vein thrombosis is to use an infusion catheter with drug infusion ports 
distributed along the lateral dimension of the catheter. The catheter can be 
pushed through the entire length of the clot. The thrombolytic drug is then 
infused throughout the lesion for a period of hours. 
5 There is a need for an ultrasound catheter that is useful for treating a 

deep vein thrombus to enhance and accelerate the action of the thrombolytic 
drug. There is a further need for an ultrasound catheter that is useful for treating 
vessel lesions, particularly those that have extensive lengths.. 



10 SUMMARY OF THE INVENTION 

An object of the invention is to provide a catheter with an ultrasound 
element. 

A further object of the invention is to provide a catheter with segmented 
ultrasound elements. 

15 Another object of the invention is to distribute the ultrasound radiation 

along a portion of the length of the catheter. 

Another object of the invention is to increase the flexibility of a catheter 
with large ultrasound emitter surface areas. 

A further object of the invention is to reduce the cross sectional area of 
20 the wiring associated with large ultrasound emitter surface areas. 

Yet another object of the invention is to provide a catheter with 
segmented ultrasound emitters which require less power than a single, long, 
ultrasound emitter. 

The above objects can be achieved with a catheter for use in a vessel of a 
25 body. The catheter includes an elongated body and a plurality of ultrasound 

elements coupled to the elongated body. Each of the plurality of ultrasound 
elements is separated from an adjacent ultrasound element. 

The above objects can also be achieved with a catheter for use in a 
vessel of a body. The catheter includes an elongated body and a plurality of 
30 ultrasound elements coupled to the elongated body. Each of the plurality of 
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ultrasound elements is separated from an adjacent ultrasound element. A 
flexibility providing structure is positioned between two ultrasound elements 
among the plurality of ultrasound elements. The flexibility providing structure 
can be a rib, a braided material and a mesh material. 

5 

BRIEF DESCRIPTION OF THE FIGURES 



Figure 1 A is a sideview of a catheter with segmented ultrasound 
elements. 

10 Figure IB illustrates the catheter of Figure 1 A positioned within a vessel 

of a body. 

Figure 2A illustrates ultrasound elements connected in series. 

Figure 2B illustrates ultrasound elements connected in-parallel. 

Figure 2C illustrates ultrasound elements or temperature sensors 
1 5 connected through a common wire. 

Figure 3 A is a cross section of a catheter with a lumen coupled with drug 
delivery ports which are each correlated with an ultrasound element. 

Figure 3B is a cross section of a catheter with a first lumen for delivering 
drug through first drug delivery ports and a second lumen for delivering drug 
20 through second drug delivery ports. 

Figure 4A is a sideview of a catheter including ribs between ultrasound 
elements. 

Figure 4B is a cut-away view a catheter including webbing or mesh 
between the ultrasound elements. 
25 Figure 4C is a cross section of the catheter of Figure 4B. 

Figure 5 is a schematic of a feedback control system for a catheter 
including a plurality of ultrasound elements. 



DETAILED DESCRIPTION 
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Figure 1A illustrates an ultrasound catheter 10 which includes a plurality 
of ultrasound elements 12, temperature sensors 13 and drug delivery ports 14 
positioned along a selected section of the catheter 10. The catheter 10 also 
includes a guidewire lumen 15 which can accommodate a guidewire 16. At 
5 least one drug delivery port 14 is correlated with each ultrasound element 12. 

In operation, the ultrasound elements 12 and drug delivery ports 14 can 
be positioned adjacent a large lesion 18 in a vessel 20 as illustrated in Figure 
IB. Discrete ultrasound elements 12 are used in comparison to one continuous 
ultrasound element. Catheters introduced through circulatory vessels must be 

10 flexible in order to reach a desired location where the lesion 1 8 is located. 

When a large lesion 1 8 is present, a single ultrasound element which is long 
enough to deliver ultrasound energy the length of the lesion reduces the 
flexibility of the catheter 10. Therefore, multiple segmented ultrasound 
elements 12 provide an increased flexibility over a long single element. 

1 5 The average power required to activate an ultrasound element 12 is 

proportional to the activated area of the ultrasound element 12. Hence, a 2-cm 
long element requires approximately twice as much power as a 1-cm long 
element of similar shape and diameter. As the power increases, the diameter of 
the electrical wires that bring electrical energy to the ultrasound elements 12 

20 must also increase. This requires an increase in catheter diameter that in turn 

reduces flexibility and restricts use of the catheter 10 in larger vessels. 

These difficulties are solved by the present invention that creates a 
distribution of smaller ultrasound elements 12. The ultrasound elements 12 are 
sized small enough so that they in combination with the catheter 10 provide a 

25 flexible structure that can be moved down a tortuous vein tree to the site of the 

lesion 1 8 or to any vessel in which there is a lengthy lesion 1 8 to be treated. 
Additionally, the ultrasound elements 12 are small enough that each individual 
ultrasound element 12, if excited individually, does not take an inordinate 
amount of power through the wires which supply power to the catheter 10. The 

30 ultrasound elements 12 are positioned to reduce dead space between the 
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ultrasound elements 12. This provides some overlap in the radiation patterns 
that emit from each of the ultrasound elements 12 to maximize the enhancement 
effect. There is also a proximity between the ultrasound element 12 and the 
drug delivery ports 14 so that the drug emitted proximal or next to the catheter 
5 10 is then affected by a nearby source of ultrasound energy. However, the drug 

delivery ports 14 do not need to be correlated with a particular ultrasound 
element 12 and there need be no relationship between the number of drug 
delivery ports 14 and the number of ultrasound elements 12. 

The ultrasound energy can be generated at an ultrasound energy source 

10 located external to the body and transmitted via wire to the ultrasound elements. 

Ultrasound can also be internally generated from electrical power delivered to 
the ultrasound elements from an electrical energy source. A suitable example of 
an ultrasound element for internal generation of ultrasound energy includes, but 
is not limited to, a piezoelectric ceramic oscillators. The ultrasound elements 

1 5 can be shaped as a cylinder, a hollow cylinder and a disk which are concentric 

with the catheter. The ultrasound elements can also be an array of smaller 
ultrasound elements or a thin plate positioned within the body of the catheter. 
Similarly, a single ultrasound element can be composed of several smaller 
ultrasound elements. 

20 The individual ultrasound elements 12 can each be individually 

powered. When the catheter includes N ultrasound elements, the catheter body 
must include 2N wires to individually power N ultrasound elements 12. The 
individual ultrasound elements 12 can also be electrically coupled in serial or in 
parallel as illustrated in Figures 2 A and 2B. These arrangements permit 

25 maximum flexibility as they require only 2N wires. Each of the ultrasound 

elements receives power simultaneously whether the ultrasound elements are in 
series or in parallel. When the ultrasound elements 12 are in series, less current 
is required to produce the same power from each ultrasound element 12 than 
when the ultrasound elements 12 are connected in parallel. The reduced current 

30 allows smaller wires to be used to provide power to the ultrasound elements 12 
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and accordingly increases the flexibility of the catheter 10. When the ultrasound 
elements 12 are connected in parallel, an ultrasound element 12 can break down 
and the remaining ultrasound elements 12 will continue to operate. 

As illustrated in Figure 2C, a common wire 22 can provide power to 
5 each of the ultrasound elements 12 while each ultrasound element 12 has its 

own return wire 24. A particular ultrasound elements 12 can be individually 
activated by closing a switch (not shown) to complete a circuit between the 
common wire 22 and the particular ultrasound element's return wire 24. 
Accordingly, a catheter with N ultrasound elements requires only N+l wires and 

10 still permits independent control of the ultrasound elements 12. This reduced 

number of wires increases the flexibility of the catheter 10. To improve the 
flexibility of the catheter, the individual return wires can have diameters which 
are smaller than the common wire diameter. For instance, in an embodiment 
where N ultrasound elements will be powered simultaneously, the diameter of 

15 the individual wires can be the square root of N times smaller than the diameter 

of the common wire. 

As illustrated in Figure 1, a temperature sensor 13 is positioned adjacent 
each ultrasound element 12. Suitable temperature sensors 13 include, but are 
not limited to, thermistors, thermocouples and resistance temperature detectors, 

20 RTDs, and fiber optic temperature sensors which use thermalchromic liquid 

crystals. Suitable temperature sensor 13 geometries include, but are not limited 
to, a point, patch, stripe and a band around the catheter 10 as illustrated. The 
temperature sensors 13 can be positioned on the catheter 10, on the ultrasound 
element and adjacent the ultrasound elements 12 as illustrated. 

25 The temperature sensors 13 can be electrically connected as illustrated in 

Figure 2C. Each temperature sensor 13 can be coupled with a common wire 22 
and then include its own return wire 24. Accordingly, N+l wires can be used to 
independently sense the temperature at the temperature sensors 1 3 of a catheter 
10 having N temperature sensors 13. A suitable common wire 22 can be 

30 constructed from Constantine and suitable return 24 wires can be constructed 
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from copper. The temperature at a particular temperature sensor 1 3 can be 
determined by closing a switch (not shown) to complete a circuit between the 
thermocouple's return wire 24 and the common wire 22. When the temperature 
sensors 13 are thermocouples, the temperature can be calculated form the 
voltage in the circuit. To improve the flexibility of the catheter, the individual 
return wires can have diameters which are smaller than the common wire 
diameter. 

Each temperature sensor 1 3 can also be independently wired. A catheter 
10 including N temperature sensors 13 which are independently wired will 
require 2N wires to pass the length of the catheter. 

The catheter flexibility can also be improved by using fiber optic based 
temperature sensors. The flexibility can be improved because only N fiber 
optics need to be included in the catheter to sense the temperature at N 
temperature sensors. 

The temperature sensors 13 do not need to be correlated with the 
ultrasound elements 12. For instance, the catheter 10 can include a temperature 
sensor 13 which is positioned to provide a signal indicating the temperature of 
the portion of the lumen being treated. For instance, the temperature sensor 1 3 
can be positioned between the central two ultrasound elements. The ultrasound 
output from the ultrasound elements 12 can be manually or automatically 
adjusted in response to the signal from the temperature sensor 13. 

The drug delivery ports 14 can be coupled with a common lumen 25 as 
illustrated in Figure 3 A. The drug delivery ports 14 can be positioned on one 
side of the catheter 10 or distributed about the surface of the catheter 10 to 
provide a more even delivery of the drug. A drug can be delivered through the 
common lumen 25 to the various drug delivery ports 14 next to each of the 
ultrasound elements 12 so that all of the drug delivery ports 14 deliver drug at 
the same time. As illustrated in Figure 3B, one or more drug delivery ports 26 
can be coupled with a first lumen 27 and one or more second drug delivery ports 
28 can be coupled with a second lumen 29. Accordingly, different drugs can be 
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delivered adjacent different ultrasound elements 12. Further, different amounts 
of the same drug can be delivered adjacent particular ultrasound elements 12. 
As a result, the amount of drug delivery can be adjusted to match the amount of 
therapeutic treatment required by a particular section of the lesion 18. Use of 
5 the ultrasound elements 12 and a plurality of drug delivery ports 14 can provide 

controllability and selectability of lesion modification/destruction. 

The catheter 10 can be used in various body structures and body lumens 
including, but not limited to, the pancreas, sinuses, esophagus, rectum, 
gastrointestinal vessels and urological vessels. The catheter 10 is selected from 

10 a variety of different sizes, diameter and length, depending on the type and 

location of the lesion 18. An active length of catheter 10 is defined by the 
number and spacing of the ultrasound elements 12 and drug delivery ports 14 at 
the distal end. The number of ultrasound elements 12 depends on the length of 
the vessel being treated. Suitable numbers of ultrasound elements include, but 

15 are not limited to 2-10, 2-8 and 4-6. Each of the ultrasound elements 12 can be 

from one millimeter in length to up to a half centimeter in length. Other 
dimensions can also be used. The spacing between ultrasound elements 12 can 
be approximately equal to the length of each ultrasound element 12. If one 
ultrasound element 12 has a length L, a second ultrasound element 12 can be 

20 spaced up to three L lengths away from the first ultrasound element 12. Suitable 

L include, bur are not limited to .2-2 cm, .2-1.2 cm and .3-. 7 cm. 

The catheter 10 can be constructed to overcome the reduced flexibility 
which results from the multiple ultrasound elements 12. As illustrated in Figure 
4 A, the catheter 10 can include ribs 30 between the ultrasound elements 12. 

25 The ribs 30 increase the bendability of the catheter at the ribbed locations while 

providing kink resistance. The added flexibility can be necessary to work the 
catheter 10 through tortuous vessels. As illustrated in Figure 4B additional 
flexibility can be obtained by manufacturing at least the portion of the catheter 
10 between the ultrasound elements 12 from a mesh 32 or braided material. As 

30 illustrated in Figure 4C, the outer surface of the catheter 10 and the lumens 
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within the catheter 10 are smooth 34. The smooth surfaces 34 aid in passing the 
catheter 10 through the body lumen and in passing fluids through the lumen. 
Any wires 35 present in the catheter 10 can pass through the mesh portion of the 
catheter 10 for additional flexibility. Suitable materials for the catheter include, 
5 but are not limited to polyolefins and polyimides and other low acoustic 

impedance materials. Low accoustic impedance materials are materials which 
readily transmit ultrasound energy with minimal absorption of the energy. 
Suitable materials for the mesh or braid include, but are not limited to Kevlar, 
stainless steel, polyetheretherketone or PEEK. Cotton braided with polymer can 

10 also serve to provide flexibility and kink resistance. 

The ultrasound elements 1 2 can be positioned internally or externally to 
catheter 10, and can have any number of different geometric designs. Suitable, 
geometric designs include, but are not limited to a band which lies flush with 
the circumference of the catheter. Additionally, ultrasound elements 12 can be 

15 designed provide any desired directionality of ultrasound. 

The catheter 10 can be coupled with an open or closed loop feedback 
system. Referring now to Figure 5 an open or closed loop feedback system 
couples temperature sensor 13 to an energy source 40. The temperature of the 
tissue, or of each ultrasound element 12 is monitored, and the output power of 

20 energy source 40 adjusted accordingly. The physician can, if desired, override 

the closed or open loop system. A processing unit 42 can be included and 
incorporated in the closed or open loop system to switch power on and off, as 
well as modulate the power. The processing unit 42 includes logic for 
monitoring the temperature at each temperature sensor 13, adjusting the power 

25 delivered to each ultrasound element 12, re-monitoring the temperature at each 

temperature sensor 13 and re-adjusting the power delivered to the ultrasound 
elements 12 in response to the re-monitored temperature. 

With the use of the temperature sensors 13 and the feedback control 
system, the tissue adjacent to the ultrasound elements 12 can be maintained at a 

30 desired temperature for a selected period of time. Each ultrasound element 12 is 



connected to resources which generate an independent output. The output 
maintains a selected energy at each ultrasound element 12 for a selected length 
of time. 

Power delivered to the ultrasound elements 12 is measured by the power 
calculation device 44. The power can then be displayed at user interface and 
display 46. Signals representative of power and impedance values are received 
by the processing unit 42. 

A control signal is generated by the processing unit 42 that is 
proportional to the difference between an actual measured value, and a desired 
value. The control signal is used by power circuits 47 to adjust the power 
output in an appropriate amount in order to maintain the temperature at each 
ultrasound element 12 within a desired range. 

The temperatures detected at the temperature sensors 1 3 provide 
feedback for maintaining the desired temperature range. The temperature at 
each temperature sensor 12 can be used as safety devices to interrupt the 
delivery of energy when maximum pre-set temperatures are exceeded. The 
temperature at each ultrasound sensor 12 is measured at temperature 
measurement device 48, and can be displayed at user interface and display 46. 
A temperature control signal is generated by the processing unit 42 that is 
proportional to the difference between an actual measured temperature and a 
desired temperature. The temperature control signal is used to determine the 
desired power. For instance, when the control signal exceeds a pre-determined 
level, the desired power supplied to a particular ultrasound element can be 
reduced or turned off. Similarly, when the control signal falls below a pre- 
determined level, the desired power supplied to a particular ultrasound element 
12 can be increased or turned on. 

The processing unit 42 can be a digital or analog controller, or a 
computer with software. When the processing unit 42 is a computer it can 
include a CPU coupled through a system bus. On this system can be a 
keyboard, a disk drive, or other non- volatile memory systems, a display, and 
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other peripherals, as are known in the art. Also coupled to the bus is a program 
memory and a data memory. 

User interface and display 46 includes operator controls and a display. 
The output of the temperature sensors 13 is used by the processing unit 
5 42 to maintain a selected temperature range at each temperature sensor 13. A 

profile of the power delivered to each ultrasound element 12 can be 
incorporated in the processing unit 42 and a preset amount of energy to be 
delivered may also be profiled. 

Circuitry, software and feedback to the processing unit 42 result in 

10 process control, and the maintenance of the selected power setting that is 

independent of changes in voltage or current, and used to change, (i) the 
selected power setting, (ii) the duty cycle (on-off time), (iii) bipolar or 
monopolar energy delivery and (iv) fluid delivery, including flow rate and 
pressure. These process variables are controlled and varied, while maintaining 

1 5 the desired delivery of power independent of changes in voltage or current, 

based on temperatures monitored at the temperature sensor 13. 

The catheter 10 is guided along the artery or vein to the lesion site by 
fluoroscopy. Radio opaque markers may be used with the catheter 10 next to 
each of the ultrasound elements 12, or in the case of certain piezoelectric 

20 elements 12, the ultrasound elements 12 themselves are radio opaque and 

readily identified and also readily identify the site of the adjacent drug port 14. 
The catheter 1 0 is advanced through the vessel with the assistance of a 
guidewire. The catheter can be advanced until each of the ultrasound elements 
are adjacent the lesion or until only a portion of the ultrasound elements are 

25 adjacent the lesion. The drug is hydraulically delivered through the lumen to the 

drug delivery ports 14. The ultrasound elements 12 are then all turned on 
together, sequenced or multiplexed according to the preferred treatment by the 
physician. The feedback control system is then engaged to control the 
temperature of within the vessel. The catheter 10 remains in place for the 

30 treatment period and the drug can be continually infused with the ultrasound 
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elements 12 on, off, partially on, or partially off. After a section of the vessel is 
treated, the catheter can be advanced to treat additional untreated portions of the 
vessel. The ultrasound elements which are used to treat the additional untreated 
portion can be different from the ultrasound elements used during the initial 
treatment(s). When the desired clinical result is obtain, as verified by 
fluoroscopy, the catheter 10 is removed. 

Segmentation of ultrasound elements 12 greatly reduces the required 
amount of a lumen of the catheter 1 0 that is used for segment wiring, increases 
the flexibility of the catheter 10, and permits radiation of a long lesion 18. 
When a single continuous length ultrasound element is used the power 
requirements necessitate the use of thick wires. This is eliminated with the use 
of ultrasound elements 12 in segment form. Replacement of one large wire by 
multiple wires of equivalent cross-sectional area or a cumulated cross-section 
area is more flexible and also avoids having to excite entirely a long ultrasound 
element, smaller ultrasound elements 12 that are segmented are used. 
Therefore, a fraction of the power at any one time is needed, depending on the 
number of ultrasound elements 12 activated. 

The foregoing description of a preferred embodiment of the invention 
has been presented for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise forms 
disclosed. Obviously, many modifications and variations will be apparent to 
practitioners skilled in this art. 
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CLAIMS 

What is claimed is: 

1 . A catheter for use in a vessel of a body, comprising: 
an elongated body; and 

a plurality of ultrasound elements coupled to the elongated body where 
each of the plurality of ultrasound elements is separated from an adjacent 
ultrasound element. 

2. The catheter of claim 1, further comprising: 
a temperature sensor. 

3. The catheter of claim 2, wherein the temperature sensor is positioned to 
detect the temperature of a surface of an ultrasound element. 

4. The catheter of claim 2, further comprising: 

a feedback control system configured to adjust a level of ultrasound 
delivered from the plurality of ultrasound elements in response to a signal from 
the temperature sensor. 

5. The catheter of claim 1 , further comprising: 
a plurality of temperature sensors. 

6. The catheter of claim 1 , further comprising: 

a feedback control system for adjusting a level of ultrasound delivered 
from a particular ultrasound elements in response to a signal from a particular 
temperature sensor. 
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7. The apparatus of claim 1, further comprising: 
a drug delivery port coupled with the lumen. 

8. The catheter of claim 1, a plurality of drug delivery ports coupled with 
the lumen. 

9. The catheter of claim 1, further comprising: 

a second lumen extending through the catheter; and 
at least one second drug delivery port coupled with the second lumen to 
deliver a drug from the second lumen to the vessel. 

10. The catheter of claim 1, further comprising: 

a flexibility providing structure positioned between a two of the plurality 
of ultrasound elements. 

11. The catheter of claim 10, wherein the flexibility providing structure is at 
least one rib. 

12. The catheter of claim 10, wherein the flexibility providing structure is a 
braided material. 

13. The catheter of claim 10, wherein the flexibility providing structure is a 
mesh material. 

14. The catheter of claim 1, wherein each of the plurality of ultrasound 
elements are powered through a common wire. 

15. The catheter of claim 1, wherein each of the plurality of ultrasound 
elements are connected in series. 
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16. The catheter of claim 1 , wherein each of the plurality of ultrasound 
elements are connected in parallel. 

1 7. The catheter of claim 1 , wherein each of the plurality of temperature 
sensors are connected through a common wire. 

18. A catheter for use in a vessel of a body, comprising: 
an elongated body; 

a plurality of ultrasound elements coupled to the elongated body where 
each of the plurality of ultrasound elements is separated from an adjacent 
ultrasound element; and 

a flexibility providing structure positioned between two ultrasound 
elements among the plurality of ultrasound elements. 

19. The catheter of claim 18, wherein the flexibility providing structure is at 
least one rib. 

20. The catheter of claim 18, wherein the flexibility providing structure is a 
braided material. 

21. The catheter of claim 18, wherein the flexibility providing structure is a 
mesh material. 
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AMENDED CLAIMS 

[received by the International Bureau on 08 September 1998 (08.09.98) 
original claim 1 amended; remaining claims unchanged (1 page)] 

What is claimed is: 

1 . A catheter for use in a vessel of a body, comprising: 
an elongated body; and 

a plurality of ultrasound elements coupled to the elongated body where 
each of the plurality of ultrasound elements is separated from an adjacent 
ultrasound element; and 

a lumen configured to receive a guidewire, the lumen extending 
longitudinally from an opening at a distal end of the catheter past the plurality 
of ultrasound elements. 

2. The catheter of claim 1, further comprising: 
a temperature sensor. 

3. The catheter of claim 2, wherein the temperature sensor is positioned to 
detect the temperature of a surface of an ultrasound element. 

4. The catheter of claim 2, further comprising: 

a feedback control system configured to adjust a level of ultrasound 
delivered from the plurality of ultrasound elements in response to a signal 
from the temperature sensor. 

5. The catheter of claim 1, further comprising: 
a plurality of temperature sensors. 

6. The catheter of claim 1, further comprising: 

a feedback control system for adjusting a level of ultrasound delivered 
from a particular ultrasound elements in response to a signal from a particular 
temperature sensor. 
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